The soil profile is an important water storage reservoir within the hydrologic cycle. An understanding of the factors affecting daily soil water status is necessary to increase or modify vegetation or water yields. Many mathematical simulation models have been developed to assess soil water status, but none were found that were specifically developed for use on Western rangelands. The purpose of this report was to test soil water models that appeared to be sufftciently general for adaption to rangeland conditions, to determine if they could provide adequate results, and the level of sophistication required. The 2 models selected for evaluation were the Ekalaka Rangeland Hydrology and Yield Model (ERHYM) developed for use during the growing season on grasslands of the northern Great Phtms,and the Soil-Plant-Air-Water model (SPAW), which was developed for use with cultivated crops in the Midwest. Results indicated that both models could be adapted to produce adequate soil water information under rangeland conditions of southwestern Idaho. Overall, the somewhat simpler ERHYM model produced results more closely aligned to observed values than did SPAW. The lack of a snow accumulation and melt routine in SPAW (which could be added) appeared to be the main source of observed differences. These differences were a function of timing rather than a difference in total soil water at the end of each year, where results for the 2 models were very similar.
The soil profile is one of the most important water storage reservoirs within the hydrologic cycle. In arid regions, available soil water seldom exists for more than a few months at a time, because it is rapidly extracted by plant transpiration and soil evaporation. Therefore, very little water ever percolates below plant rooting depth. In more humid regions, the magnitude of infiltrated water may be more than adequate for plant needs, and excess water may percolate into ground water reservoirs.
An understanding of the factors affecting the day-today soil water status is important when attempting to increase or modify vegetation or water yields. The time distribution of soil water within the root zone is a complex interaction of many variables related to present and historical climate, plants, and parent soil materials. Hildreth ( 1976 Hildreth ( ,1978 indicated that many mathematical simulations or computer models have been developed to assess soil water status. However, most of these models were developed to satisfy a particular need (i.e., spring wheat yield predictions in the northern Great Plains)and may not represent other crops or locations. None of the models were specifically developed for use on Western rangelands.
The objective of this study was to determine if existing models with soil water accounting procedures included, representing different levels of complexity and data requirements, could be adapted to particular Western rangeland conditions. Two models were selected for evaluation based on the following criteria: (1) models appeared to be general enough to be adaptable to range conditions; (2) models had been tested against field data (even though for cultivated crops); and (3) documentation was readily available. The models selected were the ERHYM (Ekalaka Rangeland Hydrology and Yield Model) developed by Wight and Neff (1983) and the SPAW (Soil-Plant-Air-Water Model) developed by Saxton, Johnson, and Shaw (1974) .
Model Descriptions
The ERHYM model is relatively simple and requires a minimum of input information. The SPAW model, on the other hand, attempts to treat in some detail, all of the physical processes and interactions involved. As such, it requires more information on initial conditions and limits. However, both use essentially the same hydrologic and meteorological data.
ERHYM
The ERHYM model was developed for use in predicting runoff and herbage production for northern Great Plains rangelands (mainly grasses). It provides daily runoff, soil water, snow pack, evaporation, transpiration, and soil water routing for up to 4 soil layers at a range site. The model can be run on a seasonal basis, or continuously, using daily precipitation, solar radiation, temperature, soil characteristics, and a plant growth curve (Table 1) . It uses a slightly modified Soil Conservation Service (SCS) curve number method to determine runoff (Smith and Williams 1980; USDA, SCS 1972 ) and a constant times temperature procedure for snow accumulation and melt (Stewart et al. 1975) .
The model functions as a series of cascading reservoirs (one for each layer); that is, all of the water infiltrated is assumed to be stored in the first layer until it reaches its field capacity, at which time any additional infiltration is assumed to be stored in the second layer, and so on. Soil water extraction also proceeds one layer at a time beginning at the surface layer.
The evapotranspiration portion of the model is essentially the same as that used by Wight and Hanks (198 1) . A climatic potential evapotranspiration is first calculated using the Jensen and Haise (1963) equation, which assumes a full cover of alfalfa with water nonlimiting. The potential evapotranspiration from rangeland is then obtained by multiplying the value determined above by a range crop coefficient. Actual transpiration is estimated by multiplying the potential evapotranspiration for the range site by a site specific transpiration coefficient and a relative growth curve factor. Soil evaporation is a function of potential soil evaporation and time since the soil surface was last wet. Potential soil evaporation is the difference between potential evapotranspiration and the potential transpiration. Soil evaporation is limited to water in the top 30 cm of the soil profile that is in excess of air-dry soil water content, which is less than the lower limits of soil water availability (permanent wilting point). More detailed information can be obtained from the ERHYM User's Manual (Wight and Neff 1983) .
SPAW
The SPAW model was developed to provide daily soil water profile estimates on cultivated crop lands in the Midwestern United States. It computes a daily estimate of runoff, soil water, actual evapotranspiration including soil water evaporation, transpiration, interception evaporation, and deep percolation. Principal inputs include daily potential evapotranspiration (PET) and precipitation, crop descriptions of canopy, phenology, and rooting, plus soil profile descriptions ( Table 1) .
The soil profile is represented by a user selected number of layers to reflect the average soil profile over the field or watershed being studied. Each layer may be assigned a unique depth and set of water characteristic curves (tension and conductivity) selected by soil texture. The computational sequence for the model is shown in schematic block diagram form in Figure 1 . Saxton et al. 1974) Potential evapotranspiration (PET) is determined from actual or estimated daily pan evaporation for each day of calculation. Interception water on the plant and soil surfaces is a constant amount for each storm. The PET value is reduced by the amount of interception evaporation before plant and soil water evapotranspiration are computed. Soil evaporation is represented by inclusion of a separate thin (1.27 cm) upper boundary layer (evaporation layer) of soil from which water is readily evaporated and limited only by PET.
Plant transpiration is a function of percent soil shading with time during the year. Since all of the canopy does not transpire, the quantity of canopy (soil shading) and its average biological ability to transpire, assuming adequate PET demand and water availability are considered separately. Therefore, a second time distribution representing a phenological factor is included as a direct modifier of the plant canopies' ability to transpire.
Root water abstraction is represented using a "typical" root distribution for the plants being represented, with depth and time through the year, thus providing, for selected dates, the percent of water to be abstracted from each soil layer containing roots. Wellwatered, vigorous plants usually transpire at nearly the rate demanded by the atmospheric conditions (PET), but as water supply becomes limited, physical and biological controls begin to restrict the rate of transpiration.
A daily estimate of actual evapotranspiration is obtained by adding the components of interception evaporation, soil water evaporation, and plant transpiration.
A daily infiltration value is determined for each day with precipitation, by simply subtracting measured runoff if data are available, or by using the SCS curve number method. Daily infiltration amounts are added to the uppermost soil layers and cascaded to lower layers as each layer's near-saturation capability is reached. After all daily infiltration has been distributed, further redistribution is determined using a Darcian soil moisture model based on pressure gradients and unsaturated conductivity for the soil types specified. The SPAW model does not contain a mechanism to account for snow accumulation and melt, although an algorithm could be added. More detailed information can be obtained from the SPAW User's Manual (Saxton et al., In Progress) .
Model Evaluation

Description of Study Sites
The 2 sites selected for use in this evaluation are part of the Reynolds Greek Experimental Watershed in southwestern Idaho (Robins et al. 1965) . These watersheds were selected because of data availability, and because they represent "typical" sagebrush ecosystem rangeland sites found in the Northwestern United States. The two sites, called Flats and Lower Sheep, vary somewhat in elevation, size, vegetation, soils, and climate as shown in the summary of site characteristics presented in Table 2 .
Model Parameters and Data Requirements
Each model requires specific types of input parameters and data. Comparison of the 2 models includes a comparison of input factors in addition to comparing final results. Both models require the normal input parameters such as output options, beginning and ending computation dates, etc. Data requirements too, are similar in many respects, in that both models require certain weather data to drive them, in addition to soil characteristic and vegetation data (Table 1) . Although most of the parameters can be obtained from the literature or data sets, with some modifications made for different site conditions, some of the parameters require information that is not readily available for rangeland sites. This is especially true for the SPAW model, where 6 parameters or relationships concerning vegetation roots, growth, and stress are needed. To run the SPAW model, some information from the literature was used for root distribution, realizing that such data were col- (USDA, SCS, 1972) lected from sites with different climatic and soil characteristics.
Canopy and phenology curves were developed from vegetation measurements made at Reynolds Creek. These data do not represent potential unstressed conditions. The canopy and phenology susceptibility curves and the moisture stress curves were used as presented in the SPAW User's Manual, which was developed from studies based on crops in the Midwest.
ERHYM has 3 factors that are not readily available. Of these, the plant growth curve, which is similar to the phenology curve in the SPAW model, is the most difficult to make site specific. Data to develop soil temperature curves by layer are also lacking (if the model is to be used for areas with a climate different from that of Ekalaka, Mont., where the soil temperature relations in the model were derived). Since the temperature of the deeper layers varies only slightly through the year, these curves can be estimated with some confidence. The third factor not readily available for rangelands is the crop coefficient, which is merely a ratio of transpiring canopy to total canopy cover. Little guidance for estimating rangeland crop coefficients can be obtained from the literature, unless lysimeter data are available.
Model Calibration
Both models were first run using data from the Flats sites for the 1979 calendar year and parameter values based on previous experience, site characteristics, or best estimates. After the initial runs, some model parameters were adjusted to better match observed soil moisture trends and totals. Once the differences between model determined values and observed values were minimized, the model was assumed to be calibrated for that site. The model was then run for the total period of adequate record (1976) (1977) (1978) (1979) (1980) (1981) at the Flats site. Since this record contained years that received more and less precipitation than the year chosen for initial calibration, minor adjustment of the soil water characteristics were made to improve overall performance of the models.
Soil water content produced by the 2 models after final adjustments were made are presented in Table 3 for individual layers and for the total profile, for each year. The runs were made for each year individually, that is, the initial soil moisture values were set equal to the last measured values for the previous year (usually near December 27 or 28), and the model was run for the entire year as driven by observed temperature, precipitation, and 23-46 cm, 46-76 cm, and 76-137 cm) , were selected on the basis of data availability rather than soil characteristics. As noted, differences between model estimated and observed values for the individual layers, and years, are generally small. The largest deviations are found in the upper 2 layers where most of the activity takes place. Because of compensating differences between the different layers, and the inherent bookkeeping procedures contained in the models, individual layer values may be off somewhat, but the total annual soil water for the entire soil profile is within 10% of the observed value. The differences are somewhat greater for the ERHYM model in this case.
A better evaluation would be to compare model predicted soil water with observed soil water throughout the year, since conceivably the year-end totals could be close, but the annual trends might be out of phase. A continuous record as estimated by the models and the observed soil water at approximately 2-week intervals is shown for the 1976 and 1978 years at the Flats site ( Fig. 2 and 3 As previously mentioned the major changes in soil moisture occur in the upper 2 layers. The only significant change in the 46-76 cm layer occurred during the first half of 1978 (Fig. 3) , where observed soil moisture increased about 16 mm. Both models also indicated an increase in the 46-76 cm layer during the first half of 1978, suggesting that they properly accounted for the deeper infiltration that occurred then. The SPAW model best matched the observed trend in magnitude although it predicted the increase would start before it was observed. The SPAW model does not account for storage in the form of snow which would delay the entry of the water into the soil. The ERHYM model which contains a snow accumulation and melt algorithim followed the actual timing of the soil water increase better, but differed considerably in the magnitude of the change, predicting it to be about 60 mm rather than the 16 mm observed. Similar results were obtained for the lowest layer where the magnitude of the observed changes was best predicted by SPAW, but timing of the change was predicted best
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by ERHYM. In general both models follow the observed data quite well, one being a little better one year or in a certain period, but the opposite being true for another year or period.
Model Comparison and Discussion
Validation of the models consisted of using the information gained during calibration, concerning operation of the models and range of parameter values applicable to rangeland conditions, to test the models at a new site where climate and watershed characteristics differed from the calibration site. In applying the models to the new site, Lower Sheep, only physical parameters related to watershed characteristics were changed, rather than adjusting coefficients and parameters to provide a best fit, as was done in the calibration runs. The growth or phenology curves were delayed 15 days to account for the slightly cooler climate at the higher elevation, but shape and length of growing season remained the same.
Results of the model runs at the Lower Sheep site are presented in Table 4 . The differences between the observed and calculated soil water values are slightly greater for some years than those obtained at the Flats site, but the maximum difference was still only 14%. Values produced by ERHYM (Tables 3 and 4) for individual years differ from observed values more than values produced by SPAW, but ERHYM long-term (1976-198l) averages are actually closer to observed averages. (Table 5 ). Presented are: (I) the regression equations and coefficients for both models and sites for individual years; (2) the regression equations and coefficients for both models and sites for all years combined; and (3) the coefficient of determination R2 associated with each equation.
ERHYM predicted values correlate better (high R2) with the approximately 26 biweekly observations than SPAW predicted values, in all but one case ( 1980 at the Flats site). This indicates that trends between observed soil water changes and ERHYM predicted changes are similar even though the magnitude of actual values may be different. Precipitation falling as snow may cause the reduced correlations observed for the SPAW model. In other words, the trend between observed conditions and SPAW predicted conditions could be opposite at times because snowfall occurred, but was handled by the SPAW model as rain. This would cause the SPAW predicted soil water to show an increase when observed soil moisture indicated no change, the water still being stored on the surface as snowpack. Later as the snow melts, observed soil moisture would increase while SPAW predicted values would remain unchanged. This out-of-phase soil moisture accounting would occur in late fall and winter, and can be observed somewhat in the top layer of Figure 3 .
A snow accumulation and melt routine could be added to SPAW to improve results. However, the purpose of this study was to test "existing"models to determine their applicability to western rangelands. Results indicate that (I) even without accounting for snow the SPAW model produced values closed to observed, and (2) storage of water in a snowpack could cause timing errors, and period, and again indicate that both models produce results that are similar to the observed trends, with ERHYM being slightly better one year and SPAW being slightly better the other year. Generally, observed data fall between the 2 model predicted traces.
Conclusions
Conclusions reached in this evaluation of 2 soil water balance models can be summarized as follows: Both models were adaptable to Western rangeland conditions and produced results which followed observed trends adequately for most sites. In the present form of the models, the ERHYM model would probably produce better, or more economical, results if (1) a snowfall occurred during the study period that would cause temporary storage of significant amounts of precipitation on the surface; (2) plant growth and stress data are not available for the species under investigation at a semiarid range site; and (3) computer capacity is limited, or cost of computer operation is significant. (SPAW takes about 4 times longer to run than ERHYM).
The daily scheme of modeling used by both models is a significant advancement in soil water determination for use in investigat- 
